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ABSTRACT
An

Automatic Data Acquisition System for determining

the Voltage/Current characteristics of semiconductor devices is presented.

The system is capable of measuring

currents in the range from 1o-10 amperes to 200 milliamperes.

The system includes various pieces of

co~~er

cially available equipment plus several pieces of specially
designed and fabricated equipment.
The system yields a maximum of 59 data points each
for both the base and collector characteristics of the
transistor tested.

The system is designed to perform a

particular sequence of events.

These events are controlled

by a specially designed and fabricated piece of equipment
called the Control Center.
The Sampling Resistance alternately is switched into the base lead and collector lead of the transistor being
tested and may have any of nine possible discrete values.
An autoranging procedure selects one of the nine possible
values using the voltage drop across the Sampling Resistanc e
as a criterion.

Bas e-emitter bias voltage and collector

supply voltage are provided by

co~~ercial

power supplies.

The data is recorded by commercially available equipment and then provided to a computer for the data reduction
process which yields the required V/I characteristics.
This system · is the fifth generation of a system originally developed at Sandia Laboratory.

In the present

iii
system a cost saving of $9,000 has been realized by the
use of equipment specially designed and fabricated by the
author.

In addition, the present system is lighter in

weight, more compact, and more versatile than the previous versions.
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I. INTRODUCTION
The scope of the work described in this document is
the design and fabrication of an Automatic Data Acquisition
System for obtaining the large quantities of voltage and
current data from semiconductor devices needed for defining
their characteristics.

This Data Acquisition System is

to be used in support of the research activities being
carried on at the Space Sciences Research Center-Electronics
at the University of Missouri at Rolla.
This system is the fifth generation of a data acquisition system which was used originally at Sandia Laboratory by Goben, et al {1,2,3).

One Dymec Model 2901A

Master Input Scanner/Programmer and three Dymec Model
2902A Slave Input

Scanner/Progra~~ers

which were used in

the original system have been replaced by simpler and more
compact innovations in the present version of the system,
resulting in a cost saving of more than $9,000.
This document is divided into five major parts as
follows:

(1) Section II gives an overall description of

the present ·system,

(2) Section III describes the operation

of the Control Center,

(3) Section IV is a brief discussion

of the evolution of the system from the original version
used at Sandia Laboratory to the present version,

(4) Sec-

tion V contains several suggestions as to possible areas
for

i~provements

in the system and (5) the Appendixes con-

tain detailed information about the various pieces of commercial and proprietary equipment used in the system.
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II. THE OVERALL SYSTEM
A.

General Features
This data acquisition system is designed to determine

voltage and current information from semiconductor devices.
The device of primary interest at the present time is an
NPN transistor and throughout this document, for simplicity, it will be assumed that the device is an NPN transistor.
The data resulting from each test run is later supplied
to a computer for data reduction.

The data reduction pro-

cess yields two sets of voltage versus current characteristics with one characteristic applying to the base of the
device and the other to the collector.
The system is capable of a maximum of 59 cycles in a
given test run with each cycle providing enough information
for one data point each on both the base and collector
characteristic.

Each cycle takes approximately five sec-

onds to complete and a typical test run using all 59

~vail

able cycles takes roughly five minutes.
The system is capable of measuring currents in the
range of from 1o-10 amperes to 200 milliamperes.

All of

the voltage and current information obtained by the system
is accurate to 1% or better.
B.

Sequence of Events
The data for the base and collector characteristics

is obtained with the device in the Base Measurement Configu-

3

ration of Figure 1 and the Collector Measurement Configuration of Figure 2, respectively.

The Sampling Re-

sistance as shown in Figures land 2 represents a group of
resistors and switches (see Figure 3).

The Sampling Re-

sistance appears in the measurement configuration as a
physical resistance having one of nine possible discrete
values, ranging from 40 milliohms to one megohm, each
value approximately a decade apart from the next.
The system is designed to perform a particular sequence of events in obtaining test data from a semiconductor device.

In simplified terms, the sequence of events

for one typical cycle of the system is as follows:
(1)

With the test device initially in the Base Measure-

ment Configuration (Figure 1) and with a particular value
of base-emitter bias and collector supply voltage applied
to the device, the system undergoes an autoranging procedure
in choosing one of the nine possible values for the Sampling Resistance.

This autoranging procedure will be ex-

plained in detail in the next section.
(2)

The digital voltmeters (DVMl and DVM2) encode and

their readings are recorded.
(3}

The device is switched into the Collector Measurement

Configuration as shown in Figure 2.
(4}

The autoranging procedure is again

(5)

The two digital voltmeters again encode and their

performed~

readings are recorded.
(6)

The device is switched back into the Base Measurement

Configuration (Figure 1) .
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(7)

A new value of base-emitter bias, VBE; is applied to

the device and the sequence is repeated.
These steps define one cycle of · the system.

The

system continues cycling in this manner until all of the
required values of VBE (59 values of VBE are available
if needed) have been used.

In the present application,

the value of collector supply voltage, VCC' is set manually before each test run and remains constant during 'the
run.

Facilities are available for programming the col-

lector supply voltage if it should become necessary or
desirable.

c.

Autoranging Procedure
The Sampling Resistance, as shown in Figures 1 and

2, is actually made up of eight switches and nine resistors
ranging in value from 40 milliohms to one megohm.

The

Sampling Resistance circuit configuration is depicted
schematically in Figure 3 in its reset state (minimum
resistance), all of the switches being in their unactivated (normally-closed) state.

The actual value of the

Sampling Resistance as seen by the device in its measurement configuration is determined by the autoranging portion
of the Control Center.
The switches shown in Figure 3 are magnetically
operated switches with mercury wetted contacts.

Each

switch is contained within a hermetically sealed glass
capsule which is encased in a cardboard tube.

These

Input Impedance
of Amplifier

I.O..n.

- -....

II K
IM

. FIGURE 3

SAMPLING

RESISTANCE
0'\
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switches are activated by a coil placed around the cardboard tube.

The cardboard tube with switch (C. P. Clare

Mercury Wetted Switch HGX1003) is physically separated from
the coil by a brass tube forming part of the guard shield
ar6und the Sampling Resistance circuitry.

The 40 milli-

ohms shown as the first resistance in the Sampling Resistance is the resistance across the normally closed contacts
of the first mercury wetted switch.

The one megohm resis-

tance shown as the last resistance in the Sampling Resistance
is the input impedance to a DC amplifier (Sanborn 860-4300)

The voltage drop across the Sampling Resistance is fed
back to DVMl and to the autoranging portion of the Control
Center through the Sanborn 860-4300 amplifier and an
isolation amplifier (Sanborn 8875A) •

The combined gain of

the two amplifiers is 1000 so that 0.5 millivolts across
the Sampling Resistance appears at the Control Center as
0.5 volts.

The autoranging procedure consists of choosing one of
the nine possible values of the Sampling Resistance which
results in a voltage drop between 0.5 millivolts and 5.0
millivolts across the Sampling Resistance.

The autoranging

portion of the Control Center performs the autoranging
procedure in the following manner;

(1)

if the Control Center

sees less than 0.5 volts fed back from the amplifier, the
next smallest resistor in the Sampling Resistance is switched
out, thereby increasing the value of the Sampling Resistance
by approximately a factor of 10 and the voltage across the

8

Sampling Resistance is then sampled again or (2) if the
Control Center sees a voltage greater than 0.5 volts from
the amplifier, the Sampling Resistance remains in that state
for the rest of that half cycle of the system.

The Control

Center repeats operation (1) above until operation (2)
occurs and the voltage drop across the Sampling Resistance
is greater than 0.5 millivolts.

The flow diagram for one

cycle of the system, autoranging included, is shown in
Figure 4.
The state of the Sampling Resistance (nine states are
possible ranging from 40 milliohrns to one megohm)

is pro-

vided as data in the form of a ten line code (9 lines of
which are used).

Later, when the data reduction process

is performed by the computer, each of the nine lines of code
is identified with its corresponding numerical value of
Sampling Resistance.

This information is used during the

data reduction process in determining the current flowing
through the Sampling Resistance (base or collector current
as the case may be) .
The

Sampli~g

Resistance and the autoranging portion of

the Control Center were developed at Sandia Laboratory by
Goben et al.

(1,2,3).

Originally, at Sandia Laboratory,

the Sampling Resistance and autoranging portion of the
Control Center comprised a separate piece of proprietary
equipment called the Autoranging Current Sampler (patent
applied for) .
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D.

System Block Diagram
Figure 5 shows a block diagram of the complete Data

Acquisition System plus the. additional facilities necessary
for obtaining the V/I characteristics.

Figure 5 also

indicates the various flow paths for data and control
information between the various equipments.
The test device is located in the Sample Holder, as
shown at the top of Figure 5, which is, in turn, inside
the Delta Design MK2300 Temperature Control Chamber.
The John Fluke 383B Voltage/Current Calibrator applies
a base-emitter voltage to the test device and the Harrison
Labs 865C Power Supply provides the collector supply
voltage.

The John Fluke 383B is programmed for the

specific base-emitter voltage by means of BCD programming
information supplied by the Programmer.

The Programmer

advances from one coded value of base-emitter voltage,
VBE' to the next upon receipt of an Advance Command from
the Control Center.
The data recording portion of the system consists of
two Dymec 2401C-M31 Integrating Digital Voltmeters, a
Dymec 2540B Coupler and a Friden SFD Flexowriter.
Voltmeter
No. 1

No ~

Digital

2 (DVM2) measures VBE and Digital Voltmeter

(DVMl} measures the voltage drop across the Sampling

Resistance _(after amplification by a gain of 1000).

The

gain of 1000 is provided by the combination of the two
Sanborn amplifiers, 860-4300 and 8875A.

The 860-4300

provides the required one megohm input impedance for use

DELTA DESIGN MK2300
Control Chamber

Tem~erature

r---------.,I

I

Var.

SAMPLE
HOLDER

1

..

Vee

L----..1..----J

f HL 865C
POWER
SUPPLY

MANUAL OR RESISTANCE
PROGRAMMING

SANS OR N Amplifiers

CURRENT

SAMPLER

I

8604300
VBE

PUSH BUTTON
OPERATION

BCD
INFORMATION

CONTROL

CENTER

ENCODE COMMAND

1

DY2401C

DY2401 C

DVM2

DVM I

PROGRAMMER

CHANNEL READOUT

V/I

,..

ADVANCE COMMAND
AND RESISTOR
IDENTIFICATION

DY2540B
COUPLER

COMPUTER

CHARACTERISTICS

FIGURE 5.

SYSTEM

BLOCK

DIAGRAM

.....
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with the eight other resistors in the Sampling Resistance.
The 8875A provides dual outputs, one of which goes to
DVM! -and the other to the level detector in the autoranging
portion of the Control Center (see Figure 5) .
The information from DVMl and DV:r-12 plus the Sampling
Resistance identification from the autoranging portion of
the Control Center is fed . to the Coupler in parallel form.
The Coupler stores this information prior to feeding i t to
the Friden Flexowriter in serial form.

The Flexowriter

provides two different output records;

(1) a typewritten

document and (2) punched paper tape.

The punched paper

tape data is transferred to computer cards via the IBM
047 Tape-to-Card Converter.

The data on computer cards is

then supplied to the computer along with the computer program resulting in the required base and collector voltage/
current characteristics for the device tested.
E.

Sample Holder
The device being tested is mounted in the Sample Holder

which is contained in a Delta Design MK 2300 Temperature
Control Chamber.

The temperature of the MK 2300 is variable

over a range of -100°F(-73.3°C) to +600°F(+315.6°C).

The

inside of the Temperature Control Chamber measures approximately 7-1/2 x 10 x 8 inches.

On the back of the removable

door is a tray which extends 7-1/2 inches into the chamber.
Mounted on this tray are 12 test sockets and part of the
circuitry associated with the device in its measurement
configuration (Figures 1 and 2).

This circuitry is enclosed
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within an aluminum chassis with the test sockets mounted on
the top side of the chassis for easy insertion of the devices.
The circuitry contained within the chamber; in addition to
a cable leading from the chamber door to the Current Sampler
(described in the next section) is referred to as the Sample
Holder.

The complete diagram of the Sample Holder circuitry

is shown in Figure E-1, Appendix E.
Included in the Sample Holder circuitry· are two rotary
switches.

One is a twelve position switch which provides a

means of switching each of the 12 sockets into the circuit,
one at a time.

By the use of this switch it is possible to

make test runs on 12 devices in quick succession by switching
to the next device when the test run on the previous device
has been completed.

The selection of single-base or double-

base (tetrode) transistors
switch.

~s

determined by the other rotary

The shaft from each switch extends through the

chamber door and terminates at a knob on the front (outside)
of the door.
The Sample

Ho~_der

circuitry is floating, guarded and

grounded to minimize noise.

The aluminum chassis is isolated

from the Temperature Control Chamber and serves as the guard
shield with the Temperature Control Chamber itself serving
as the ground shield.

The leads at each test socket are

fitted with ferrite beads to suppress oscillations.

Thermal

Free Solder was used throughout the Sample Holder circuitry
to minimize the thermally generated EMF which is a hindrance
in low level measuring circuits.
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The Sample Holder is also provided with a removable
heat sink which is seated atop the 12 test devices when they
are mounted in the Sample Holder.

The heat sink serves

as a thermal buffer between the atmosphere of the Temperature Control Chamber and the test devices.

The normal

cyclic variations in temperature within the Temperature
Control Chamber environment are damped out by the heat sink
resulting in a much smaller change in temperature in the
devices being tested.
F.

Current Sampler
The Current Sampler is located on the same chassis as

the Control Center.

The cable from the Sample Holder connects

to a receptacle located on the front panel of that chassis.
The Current Sampler circuitry consists of the Sampling Resistance (less the one megohm input impedance of the amplifier)

as pictured in Figure 3, plus three more mercury wetted

switches necessary to switch the Sampling Resistance between
the base and collector leads.

The complete Current Sampler

circuitry, as shown in Figure E-2 in Appendix E, is also
floating, guarded, and grounded.

The guard and ground

shield are provided by two copper boxes.

The electrical con-

nections in the Current Sampler circuitry also are made
using Thermal-Free Solder.
The Current Sampler circuitry provides a means of
utilizing the system for testing either NPN or PNP devices.
A two position rotary switch is used for this purpose . . This
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switch performs three functions in switching between
NPN and PNP; it reverses the polarity of (1) VBE'

(2) Vee'

and (3) the signal fed back to the autoranging portion of
the Control Center.

This switch is controlled manually

from the front panel.
G.

Progranuner
The John Fluke 383B Voltage/Current Calibrator supplies

a precision voltage (may be programmed to six digits)
the base-emitter bias , VBE' to the test device.

as

The John

Fluke 383B is remotely programmed by means of BCD coding
information received from the Programmer.

The Programn1er

provides two means by which the John Fluke 383B may be programmed:

(1)

a Programmable Switch (see Appendix C) which

is used during the normal automatic operation of the system
and (2) a set of seven manual thumbswitches used for checkout
and other auxillary operations.
Six digits of voltage and current level information
plus the mode (one voltage range and four current ranges
are available) information must be supplied to the John
Fluke 383B in the form of 26 binary digits (bits).

Twenty-

three bits are required for the level information and three
bits are _required for the mode information.

The most sig-

nificant digit is supplied in 1-2-2 code and the other five
digits are in 1-2-4-4 code.

A binary "1" requires 28

(±4)

VDC and a binary "0" requires 0 VDC.
The Programmable Switch consists of 57 switches and a
cylindrical drum driven by a DC solenoid.

The drum has 60
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grooves (one every 6° around its circumference) which
extend along the length of the drum.

An end view of the

Programmable Switch is illustrated in Figure 6.

The drum

may be rotated to any one of 60 discrete positions corresponding to the GO - grooves.

A particular one of the 57

switches along the drum may be programmed for closure

(or

opening, depending upon whether the normally open or normally
closed portiori of the switch is used) by placing an actuator
in a groove and aligning the actuator with the fulcrum of
the switch.

The switch is activated as the drum rotates to

a point where the actuator is in contact with the fulcrum.
The 26 bits comprising the BCD information are furnished
to the John Fluke 383B in this manner during the normal
automatic operation of the system.

An actuator in a given

position on the Programmable Switch drum provides a contact
closure to 28 VDC for a binary "1".
The seven manual thurnbswitches are mounted on the front ·
panel of the Programmer.

One thumbswitch provides the mode

information to the John Fluke 383B and the other six thumbswitches provide the digits information.

Also mounted on

the front panel of the Programmer are an electroluminescent
readout panel and two indicator lights.

The readout panel

indica ·tes the position of the Programmable Switch ( 0 0 through
59) .

The two indicator lights indicate whether the John

Fluke 383B is being prograr.uned by the Programmable Switch or
by the manual thurnbswitches.

SOLDER

TERMINALS
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,._8 g
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.... ·
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H.

Data Recording
The data recording portion of the system (DYMEC

System DY-7215) consists of two Dymec 2401C-M31 Integrating
Digital Voltmeters, a Dymec 2540B Coupler and a Friden
SFD Flexowriter.
The Coupler receives information in parallel form
from three sources, the two digital voltmeters plus the ten
line code for Sampling Resistance identification, and after
serializing this information transfers it to the Flexowriter.
A later addition to the system will provide for a
command from the Coupler to signal the Control Center to
switch the position of the Sampling Resistance (from the
base lead to the collector lead or vice versa)

after the

input data has been stored at the Coupler and prior to
transmitting this information to the Flexowriter.
The Flexowriter records the data in two different
forms;

(1) punched paper tape and (2) a typewritten

document.

The Flexowriter also provides a means of manually

inserting lead information on both the punched paper

~ape

and the typewritten document at the beginning of a test run.
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III. OPERATION OF THE CONTROL CENTER
A.

General Description
The sequence of events (see Section II-B) during the

normal automatic operation of the system is controlled by
the Control Center.

The Control Center occupies approxi-

mately two-thirds of one chassis
occupying the other third)

(with the Current Sampler

and consists of the circuitry

contained on 12 printed circuit
see circuit diagrams, Appendix E)

cards

(PC-1 through PC-12,

and a set of 10 pushbutton

switches which are mounted on the front panel.
B.

Pushbutton Switches
The functions of the various pushbutton switches in

order of their appearance from left to right on the front
panel are as follows:
Resets system by (l) placing the
Resistance in its reset state of
resistance and (2) switching the
Resistance into the base lead of
device.

Sampling
minimum
Sampling
the test

RE -

(RESET)

PS -

(PROGRAMMABLE SWITCH)
Advances the Programmable Switch
one position to provide the next value of
base-emitter bias voltage.

AR -

(AUTORANGE)
Sampling Resistance is first reset and
autoranging portion of the Control Center then
selects one of the nine possible values of
the Sampling Resistance which yields a voltage
drop greater than 0.5 millivolts across the
Sampling Resistance.

ST -

(START)

Initiates normal operation of system for either
CYCLE or OPERATE mode .if either of interlocked
switches OPERATE or CYCLE is engaged.

OP -

(OPERATE)

Places system in static state prior to
initiating START for normal operation of
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system (interlocked with CYCLE and HOLD).
CY -

(CYCLE)

Places system in a static state · prior to
initiating STAR~ for norm<?-1 performance
..
of one cycle of the system (interlocked with
OPERATE and HOLD) .

HO -

(HOLD)

Switches system out of OPERATE or CYCLE
modes. Stops operation of system if it was
operating in OPERATE or CYCLE (interlocked
with OPERATE and CYCLE).

OS -

(ONE STEP)
Advances the Sampling Resistance one step
by switching out the next smallest resistor
in the Sampling Resistance thereby increasing
its resistance by approximately a factor of
ten.

VM -

(VOLTMETER)
Sends encode command to voltmeters DVM!
and DVM2.

RS -

(S~WLING

RESISTANCE)
Changes position of the Sampling
Resistance; i.e., if it is in the base lead,
it is switched into the Collector lead and
vice versa.

The three interlocked switches, OPERATE, CYCLE, and
HOLD place the system in a static state but do not initiate
any system function.

Switches OPERATE and CYCLE control

the flow of signal throughout the Control Center (see
Figure 7) by completing the path of flow when closed and
blocking the path when open.

All of the other pushbutton

switches (RESET, PROGRAMMABLE SWITCH, AUTORANGE, START, ONE
STEP, VOLTMETER, and SAMPLING RESISTANCE) are momentary
contact switches which initiate some function of the system
as described above.
Mounted on the front panel of the Control Center below
the row of switches described above

~nd

duplicated on the

front panel of the Programmer) is a PS HOMING pushbutton
switch which advances the Programmable Switch to its ZERO
position.
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A momentary contact closure at the input (as represented graphically in the Logic Diagram of the Control
Center, Figure 7) to a particular block diagram element
will trigger that element.

For example, - a momentary

contact closure from AUTORANGE (AR) triggers Single
Shot 6 (SS6).
In both the OPERATE and CYCLE modes, the operation of
the system is initiated by the momentary START switches.
In the CYCLE mode, START triggers Single Shot 1

(starts

autorange) and in the OPERATE mode, START triggers Single
Shot 10 (advances Programmable Switch).

By initiating

START with the system in the OPERATE mode, the normal
automatic operation of the system is accomplished and the
system cycles through all 59 possible cycles (assuming
the

Progra~.able

Switch was in its ZERO position when

START was initiated).

By initiating START in the CYCLE

mode, the system performs one complete cycle but does not
advance the Programmable Switch to the next coded value
of base-emitter bias voltage.
With the system in the HOLD mode, it is possible to
initiate the normal sequence of events (as defined in Section
II-B) by using the momentary pushbutton switches.

In order

to perform the normal sequence of events for one cycle, the
momentary switches would be initiated in the following
order; RESET, AUTORANGE, VOLTMETER, RESET, SAMPLING RESISTANCE, AUTORANGE,

VOLT~~TER,

RESET, and PROGRAMMABLE SWITCH.

The ONE STEP function is useful in checking out the
operation of the autoranging portion of the Control Center.
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By alternately initiating ONE STEP to advance the Sampling
Resistance and VOLTMETER to read the voltage across the
Sampling Resistance, the autorange procedure can be performed
manually.
C.

Operational Description
The operation of the Control Center is based on the

principle that the end of one event triggers the next event
in the sequence.

The required sequence of events is accom-

plished in this manner with only the first event being
triggered manually.

The inputs to each single shot and to

the one flip flop are AC coupled from the output of the preceeding element.

A positive going voltage from the output

of the preceeding element triggers the next element.
Negative true logic is used throughout the Control
Center; a logic "1" is -12 volts and a logic "0" is 0 volts.
When a single shot is triggered, its output is -12 volts
(logic "1")

for the time period of the single shot.

Therefore,

the trailing edge of a single shot pulse is a positive going
voltage (logic "1" to logic "0") which triggers the next
element.

Figure 8 shows a timing diagram for a typical cycle

of the Control Center.
When the system is in its reset state, the Sampling
Resistance is in the base lead of the device being tested
and all of the mercury wetted switches are closed placing
the Sampling Resistance in its minimum resistance condition.
For illustrative purposes, the system will be assumed to be
in the static OPERATE mode.

In order to initiate the operation

24

Hr-------.

SSt

=:J

MVI

--lJUUlflJlJlJlil-------- i !------ --Lil.Ilili1JlJU1------- --\}--- -------

from
amp.

~--------------~~500ms.

-

~----------------~

------------------r

--- ___"-J__ ------ --~~------[- -------------~

Level
Oetector

'----------+

J

AC

J ---

-05v

\~

I

m

AN2

coupled
Emitter
Followers

~-------------~r=_-::ov

--~~-A~~------------------;~--------~~-------------------~)~--------

SS3

554

~~1.5sec .

SS5

~15ms.

SS8

FFI(O)

------i~

F F I (I)

t ~-2-0_0_m__s_.--------------------+}1---------

SS9

SSIO

ll-----,

J

r-

200ms~
0
0

0
0

10

0

0~
.n

9

10

0
IOO

0

~

5lo~

•

0
0

· --~~--~\ {~N~·-N~·--·~~.~~---------~~~~~~~--_3
SCALE ~~~--------------~~0~
tzO
time(sec.)
~"
t=T/2
time(sec .)-T/2
~
TIME

NOTE: Time

scale

Is

distorted

FIGURE 8.

for

Illustrative

0

purposes .

TIMING

0
0'!!

g

DIAGRAM

.n .n

\

~ ~

10

;:::

~

25
of the system, the START function
SSlO.

(ST) is used to trigger

Single Shot 10 is a 200 millisecond single shot

which, via an emitter follower, OR gate 3 (OR3), another
emitter follower, and a driver, activates a relay to advance the programmable Switch.

The switch closure pro-

vided by the relay applies a voltage to the solenoid of
the programmable Switch which advances the Programmable
Switch one position.
Initially with the Programmable Switch in its ZERO
position, switch PS-N (located on the Programmable Switch)
is programmed open (see Figure 7).

In position ONE and

all other positions of the Programmable Switch which
provide a value of VBE for which data is required, PS-N
is

progra~med

for closure.

As the Programmable Switch

advances from position zero to position one, PS-N closes
before the period of SSlO is over.

Single Shot 1 then

triggers as i t sees the positive going voltage at the trailing
edge of SSlO.
1.

Autoranging Operation
The operation of the autoranging portion of the Control

Center begins with the triggering of SSl.

Single Shot 1 is

a 500 millisecond single shot whose output enables the AND
gate ANl.

The rnultivibrator MVl has a period of 50 milli-

seconds and while SSl is on, the 2 millisecond single shot
SS2 sees a positive going voltage every 50 milliseconds
from ANl.

While SSl is on, the output of SS2 is a series of
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two millisecond pulses, one every 50 milliseconds.
The Level Detector has an output of "0" for an input
signal from the amplifier of less than 0.5 volts and an
output of "1" for an input greater than 0.5 volts.

The

inverter between the Level Detector and AN2, reverses this
condition so that the AND gate AN2 is disabled when the
input from the amplifier exceeds 0.5 volts.

Each two

millisecond pulse from AN2 is applied to the two AC coupled
emitter followers.

The differentiated pulse output of each

emitter follower is fed to a separate SCR counter, causing
the counter to advance.

One of the SCR counters (PC-11)

controls the coils on the mercury wetted switches in the
Sampling Resistance.

The other SCR Counter (PC-12) pro-

vides a visual readout of the state of the Sampling
Resistance and also controls a set of nine miriature relays
(PC-6) .

Sampling Resistance identification is provided to

the data recording portion of the system by contact closures from these relays.
2.

Completion of Base Measurement Half-Cycle
The single shot SS3 is 500 milliseconds in length to

allow time for signals in the test device and the amplifiers
to stabilize before the voltmeters encode.

The 500 milli-

second period of SSl allows ample time to complete the autoranging procedure before SS3 is triggered by the trailing
edge from SSl.
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The trailing edge from SS3 triggers both SS4 and SS5.
The single shot SS5 is 25 milliseconds in length anddrives
a relay.

This relay provides a contact closure (via an

emitter follower, OR2 and a driver which activates a relay)
which serves as an encode command to the two digital volt- ·
meters.

The digital voltmeters are fully integrating

instruments and require 1.0 second to encode their readings
·(sampling times of 0. 01, 0 .1, and 1. 0 second are available,
but the 1.0 sampling time second is used for maximum resolution).

The pulse from SS4 is 1.5 seconds in length to allow

the voltmeters time to encode before its trailing edge
triggers SS8.
The single shot SS8 is a 15 millisecond single shot
which drives a relay through an emitter follower, OR3, and
a driver (see PC-8, Figure E-13, Appendix E).

This relay

provides contact openings which reset the two SCR Counters
(PC-11 and PC-12) and thus reset the Sampling Resistance to
its minimum resistance state.
The trailing edge from SS8 causes the flip flop FFl
to change states.

Initially the "0" line of FFl is on and

mercury wetted switch 10
Figure E-2, Appendix E)

(see Current Sampler circuitry,
is activated, which places the Samp-

ling Resistance in the base lead of the test device.

The

trailing edge from SS8 causes FFl to change states from
"0" to "1" ·which de-activates mercury wetted switch 10 and
activates mercury wetted switches 9A and 9B.

This switches

the Sampling Resistance from the base lead of the test device
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to the collector lead.

Two indicator lights on the front

panel of the Control Center provide a visual indication of
the position (base or collector) of the Sampling Resistance.
Each time FFl changes states, either SS9 or SSlO
will be triggered depending on which single shot sees a
positive going voltage from FFl (see Figures 7 and 8).
As FFl changes states from "0" to "1", SS9 sees a positive
going voltage from the "0'' line of FFl and is triggered.

The

single shot SS9 provides a 200 millisecond delay to insure
that signals in the device and the Sampling Resistance have
stabilized before initiating the next autoranging procedure.
3.

Collector Measurement Half-Cycle
The single shot SSl triggers on the trailing edge from

SS9 {through ORl) which begins the second half of the
cycle (see Section II-B) .

The autoranging procedure is

carried out in the same manner during the second half of
the cycle as during the first half but with the Sampling
Resistance in the collector lead of the device for the
second half of the cycle.
Single shots SSl, SS3, SS4, and SSS operate in the
same manner as in the first half of the cycle and SS8 again
resets the Sampling Resistance.

The trailing edge from

SS8 causes FFl to change states from "1" to "0" thus
switching the Sampling Resistance back to the base lead
of the test device.

The single shot SSlO sees a positive

going voltage from the "1" line of FFl and is triggered
thus advancing the Programmable Switch one position
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(via the two emitter followers, · the driver and the relay)
to provide the next value of VBE to the test device.

At

this point, one cycle of the system has been completed.
The next cycle begins when the trailing edge from SSlO
triggers SSl.
4.

Completion of Test Run
In the OPERATE mode the system will cycle in this

manner until all of the required values of VBE have been
used.

At this point it is necessary to stop the normal

cycling operation of the system and advance the Programmable
Switch to its ZERO position in readiness for the next test
run.

Advancing the Programmable Switch is accomplished by

programming switch position PS-K (see Figure 7) for
and switch position PS-N for opening.

closure

With ·Ps-K closed,

Multivibrator 2 (MV2) with a period of 80 milliseconds, will
advance the Programmable Switch at a rate of approximately
12 positions per second to its ZERO position.

Switches PS-K

and PS-N are both programmed open in the ZERO position of
the

Progra~~able

Switch.

D. PS Homing
The Programmable Switch may also be advanced to its
ZERO position by a contact closure from either (1) switch
PS-J on the Programmable Switch or {2) the PS HOMING switch
mounted on the front panel of the Control Center.

See Figure

E-3, Appendix E, for the complete PS HOMING circuitry.

All

PS HOMING schemes provide a contact closure in parallel with
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PS-K in utilizing Multivibrator 2 (MV2) to advance the
Programmable Switch via an emitter follower, OR gate 3
(OR3), another emitter follower, a driver and a relay
(see Figure 7) •
A contact closure from either PS-J or the PS HOMING
switch at the Control Center activates a relay with two
sets of normally open contacts.

The one set of contacts

is in parallel with the above two switches (see Figure E-3)
and the other set is in parallel with PS-K.

Once the relay

is activated, the Programmable Switch advances at a rate
determined by MV2 (approximately 12 positions per second).
The relay remains activated until the Programmable Switch
reaches position ZERO where switch PS-M (normally closed)
is programmed open thus deactivating the relay and opening
the contact closure in parallel with PS-K.
On the front panel of the Programmer is mounted another
switch labeled PS ADVANCE which is directly in parallel with
PS-K.

The PrograMmable Switch may be advanced as many

po~i

tions as necessary (even through ZERO) by manually holding
this switch closed until the

Progra~~able

Switch reaches

the desired position.
E.

Manual Autorange Function
The

AUTOR~NGE

switch (momentary)

triggers the 15 milli-

second single shot SS6 which resets the Sampling Resistance
via an emitter follower, OR2, a driver and a relay.

The trail-

ing edge from SS6 then triggers SS7 (15 ms.) which serves as a
delay to insure that the sampling resistors have reset.

The ·
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trailing edge from SS7 then triggers SSl, thus initiating
the normal autorange procedure.
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IV. EVOLUTION OF THE SYSTEM
The data acquisition system as described in this
document is a fifth generation system.

The first four

generations of the system were designed and fabricated
by Goben et al (1,2,3) at Sandia Laboratory.

The first

and second versions of the system (3) utilized Gulton
Industries and Dymec data recording equipment respectively.
The second version (Dymec) of the system was then twice
modified resulting in the third and fourth generations of
the system.
For the third generation of the system, magnetic
tape facilities were incorporated into the data recording
portion of the Dymec system and the M31 modification (autoranging) was added to the Dymec 2401C Integrating Digital
Voltmeters.

The third generation of the system was

then modified by the addition of the Autoranging Current
Sampler resulting in the fourth generation of the system
(in the present version of the system the autoranging
portion of the Control Center and the Current Sampler
comprise what was referred to as the Autoranging Current
Sampler in the fourth generation of the system) .
The heart of the four previous versions of the system
was a Dymec 2901A Master Input Scanner/Programmer with
three Dymec 2902A Slave Scanner/Programmers.

This com-

bined instrument was designed to sequentially issue commands
to the various measuring instruments in the system and
transfer information from the measuring.instruments to one
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or more recording instrument.

In addition, fifteen auxillary

output commands were provided at each scan channel to
associated instruments in the system.

The master and

slave units each had 25 .channels so that the combined
instrument provided a maximum of 100 possible channels.
The appropriate function, range and sampling period for
each digital voltmeter plus the 15 outputs to the associated
equipment were programmed for each channel by means of
diode pin matrix board programming.
The scanner and slave units were utilized in the
three previous Dymec versions of system to (1) control
the two digital voltmeters and recording devices,

(2)

switch the Sampling Resistance between the base lead and
the collector lead fo the test device and (3) select one
of eight different values of Sampling Resistance for each
channel of the scanner (this function was not performed
by the scanner in the fourth generation system but by an
Autoranging Current Sampler).

It was the responsibility of

the person operating the system to program values of
sampling resistance which would yield the desired voltage
drop across the sampling resistance.

The scanner also

indirectly provided sampling resistance identification
information to the recording instruments.
A typical cycle in the second or third version of the
system required two channels of the scanner and consisted
of the following steps:
(1)

With a programmed value of Samp ling Resistance in the

base lead of the test device, the scanner sent an encode

33

command to the digital voltmeters after a programmed delay
of 910 milliseconds (programmable delays of 25, 50, 150,
and 910 milliseconds were available at the scanner) .

This

delay allowed time for stabilization of signals in the test
device and measurement portion of the system.
(2)

The scanner advanced to the next channel thus switching

the sampling resistance to the collector lead of the test
device.

The new channel also provided a new programmed

value of sampling resistance.
(3)

The voltmeters again received an encode command after

a programmed delay of 910 milliseconds.
(4)

After the voltmeters had encoded, the scanner advanced

to the next channel thus switching the sampling resistance
back into the base lead of the test device and providing
a new programmed value of sampling resist?nce.

At this

point, the scanner also sent an "advance" command to a
piece of proprietary equipment called the Automatic Driver/
Programmer which furnished BCD programming information to
the John Fluke 383B Voltage/Current Calibrator.
The Automatic Driver Programmer was provided with 100
channels of BCD coding capability, only 50 of which were
used since only one Automatic Driver/Programmer channel was
required for each pair of channels at the scanner.

The

Automatic Driver/Programmer generated the BCD output from
a 100 by 18 diode pin matrix board.

A scheme utilizing

two rotary stepping switches caused a wiper to sweep along
contacts wired to the 100 positions of the diode matrix
activating one position at a time.

The wiper advanced one
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contact position of the diode matrix each time it received
the "advance" command from the scanner, thus activating the
next position of the diode matrix and providing the next
value of programmed base-emitter bias voltage.

A binary

"1" was generated by inserting a diode pin in the appropriate
jack in the matrix board (the diode pin was omitted for
binary "0").

With 18 lines of information available from

the diode matrix, it was only possible to program the mode
and four digits of the John Fluke 383B Voltage/Current
Calibrator (the last two digits were required always to be
zero) •

The Automatic Driver/Programmer was used in all four

previous Dymec versions of the system.
Prior to the development of the Autoranging Current
Sampler {fourth generation of the system) it was necessary
to make a preliminary test run to determine the various
values of sampling resistance which were required for testing
each device code.

The Autoranging Current Sampler eliminated

the necessity for this procedure.
In the present (fifth generation)

system, after the

autoranging procedure has been completed, the Control Center
performs the functions

(measurement delay, voltmeter encode

command, sampling resistance switching, sampling resistance
reset, etc.) which were performed by the Scanner/Programmers
in the first four generations of the system.

The present

system utilizes the digital logic circuitry on six printed
circuit cards in duplicating the functions which the Master
Scanner/Programmer and Slave Scanner/Programmers performed
in the past generations of the system.

This arrangement has
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resulted in a cost

savi~g

of approximately $9,000 in

addition to considerable savings in weight and rack mounting
space.
The circuitry which performs the autoranging procedure
has been simplified in the present system by the incorporation of the two SCR counter circuits.

The SCR counters

(PC-11 and PC-12) are contained on two printed circuit
cards and replace the circuitry which was contained on
approximately 8 printed circuit cards of comparable size
in the autoranging portion of the original system.
The Automatic Driver/Programmer used in the three
previous "Dymec versions" of the system has been replaced
by the Programmer in the present system.

The major advantage

of this Programmer over the Automatic Driver/Programmer is
in its simplicity, for it replaces two rotary stepping
switches and a 100 by 18 diode pin matrix board.

The present

scheme also results in an instrument considerably smaller,
more compact, and lighter in weight than the Automatic
Driver/Programmer.
In addition to the above advantages of the present
system over the earlier versions of the system, this system
also includes the ten pushbutton controls at the Control
Center.

Previous versions of the system were limited to

the normal automatic operation of the system only.

With

the pushbutton controls in the Control Center of the present
system, it is possible to perform any of the individual
functions which occured only during the automatic operation
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of the previous systems.

The pushbutton controls are a

significant addition to the system because they add a
considerable degree of versatility to the present system
which the previous versions were lacking.

The switches

are used in trouble-shooting the system and in performing
various auxillary tests which do not require a complete
test run.

Also, the momentary pushbutton switches make it

possible to perform the normal operational sequence of events
by manually initiating the events in the proper order.
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V. SUGGESTIONS FOR FURTHER WORK
The following items are presented as suggestions and
comments as to possible areas for further investigation:
(1)

Design an Analog to Digital (A/D) data acquisition

system to replace the present system.

By A/D techniques it

should be possible to complete a test run in a fraction of
the time required by the present system.

This saving in

time would minimize the annealing effects in the test device caused in the present system by heat dissipation when
measurements are carried to high current levels.
A/D test run would be divided

in~o

Each

two halves; the first

half utilizing the Base Measurement Configuration (Figure 1)
and the second half of the run utilizing the Collector
Measurement Configuration (Figure 2) .

During both the

base and collector halves of the run, the base-emitter
bias voltage \'lould sweep through the required range of
voltage (100 millivolts to 850 millivolts in the present
measurement scheme) in one continuous sweep.

As VBE

sweeps the Sampling Resistance would be controlled by an
autoranging procedure such that the voltage drop across
the Sampling Resistance would always remain in the range
from 0.5 millivolts to 5.0 millivolts.

The data would be

taken from the same points in each measurement configuration
as in the present system but A/D equipment would be used
instead cf digital voltmeters.
(2)

Incorporate a special purpose computer for computing a

numerical value for current (or logarithm of current)
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directly from the base current and collector current data.
This piece of equipment would have to be supplied with the
numerical values for the ninedifferent states of the Sampling
Resistance and would have to contain this information in
storage prior· to each test run.

This scheme could be carried

a step further by plotting the two V/I characteristics
directly on X-Y Recorders during a test . run.
(3}

Incorpora·te a subsystem for outputting the data from

the present system onto magnetic tape.

The computer must

also be provided with facilities for accepting magnetic tape
input.

The primary advantage of a magnetic tape system over

other data recording methods is in its speed.

Data can be

input to the computer from magnetic tape in a fraction of
the time required to input the same data from computer cards.
This scheme would also eliminate the time consuming process
of converting the data from punched paper tape to computer
cards.
(4}

Incorporate a special purpose computer into the system

for the purpose of discarding any bad pieces of data before
they are recorded.

The computer would have to be provided

with some statistical means for evaluating the data such as
a "mean squares" or Guassian distribution method.

This

scheme would eliminate the incorrect data before it went
through the expensive process of data reduction.
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VI. SUMMARY
This data acquisition system is specially designed
for the purpose of determining the current/voltage characteristics of semiconductor devices.

Each test run of the

system provides information for 118 data points, 59 each
on both the base and collector characteristic curves.

Each

cycle of the system provides information for one data point
each on both the base and collector characteristics.
The system is designed to perform a particular sequence
of events during each cycle.

At the start of each cycle the

test device has a base-emitter bias voltage, VBE' and a
collector supply voltage, Vee' applied and the Sampling
Resistance is in the base lead of the test device.

The

Control Center goes through an autoranging procedure in
choosing one of the nine possible discrete values of the
Sampling Resistance which results in a voltage drop across
the Sampling Resistance between 0.5 millivolts and 5.0 millivolts.

The data is then recorded and the Sampling Resistance

is switched into the collector lead of the test device.

The

autoranging procedure is again performed and the data again
recorded.

A new value of VBE is applied to the test device
The value of Vee remains

con~

stant during a test run under this method of operation.

The

as the last event in a cycle.

data from a test run is then supplied to a computer via punched
tape to card conversion where i t is reduced to the required
V/I characteristics under control of a data reduction program code.
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The system includes various pieces of commercial
equipment such as the two power supplies (the John Fluke
383B and the Harrison Labs 865C} which supply VBE and Vee
to the test device, and the data recording portion of the
system which consists entirely of commercial equipment.
Also, the test device is contained within a commercially
available Delta Design MK2300 Temperature Control Chamber.
The system also includes various pieces of specially
designed and fabricated equipment such as the Control
and the Prograrrmer.

Cent~r

The Control Center is the heart of the

system and initiates the sequence of events performed by the
system.

The Progranwer provides BCD coding information to

the John Fluke 383B which in turn furnishes the necessary
values of VBE.

The test device and its measurement circuit

are contained within the specially designed and fabricated
floating, guarded and grounded Sample Holder and Current
Sampler.
This fifth generation of the system has resulted in
a cost saving of $9,000 over the previous versions of the
system in addition to being more compact, lighter in weight,
and more versatile.
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APPENDIX A, DESCRIPTION . OF COMMERCIAL EQUIPMENT
1.

~ohn

Fluke Model 383B Voltage/Current Calibrator

The John Fluke 383B is an 0.025% instrument designed
to be remotely progranuned.
than 50 microvolts r.ms.

Rippl·e on the DC output is less

It has one voltage range of 0 to

50 volts and four current ranges of 0 to 5 milliamperes,
0 to 50 milliamperes, 0 to 500 milliamperes, and 0 to 2
amperes.

It may b &. programmed to 6 digits on any range.

That is, it may be programmed from 0.1 millivolts to 50
volts in 0.1 millivolt steps and from 0.01 microamps to 2
amperes in variable steps ranging from 0.01 microamperes·on
the lowest range to 10 microamperes on the highest range.
Programming is accomplished by means of remote binary-codeddecimal programming input.

The John Fluke 3-8 3B is capable

of remote sensing of the load voltage and/or current which
eliminates error due to voltage drop in the
2.

connecti~g

·wires.

Dymec DY-2401C Integ·rating Digital Voltmeter
The Dymec DY-2401C Integrating Digital Voltmeter is an

all solid state electronic instrument which measures DC potentials from ±0.1 volts to ±1000 volts in five decade ranges.
Measurements are indicated on a direct reading six digit
display that is accompanied by an identification display
of the units being measured and input polarity.

The measure-

ments are also made available for data recording purposes in
the form of 4-2'-2-1 binary-coded-decimal information.
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The DY-2401C consists of an input attenuator, a voltageto-frequency converter and a frequency counter.

Noise re-

jection is achieved by the use of floating and guarded circuitry
Overranging to 300% of full scale is possible on every range
except the 1000 volt range.

The DY-2401C is completely pro-

grammable by means of external contact closures to ground.
A precision internal ±l volt reference source is provided for
checking the calibration of the DY-2401C.

The M31 modifi-

cation provides the DY-2401C with the capability of automatically selecting the appropriate voltage measurement range
when i t receives an encode command.
3.

Dyrnec DY-2540B Coupler
The function of the Dymec CY-2540B Coupler is to transfer

information (binary or BCD data) from a group of parallel data
sources to a serial entry-recording device.

Up to six BCD

or binary data sources may be connected to the DY-2540B.
The DY-2540B can operate two recording devices simultaneously
if their electrical control requirements are compatible as
they are with the combination tape punch and electric typewriter used in the system described in this document.
4.

Friden Flexowriter Model SFD
The Friden Model SFD Flexowriter is an automatic

writing instrument which records the output data from the
data acquisition system.

The Flexowriter provides a record

of the output in two different forms;

(1) punched paper tape

in eight channel code and (2) a typewritten copy.

The Flexo-
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writer resembles a typewriter in its physical appearance and
has a standard typewriter keyboard and 12 inch carriage.

The

tape punch portion of the system is mounted on the left side
of the instrument and the paper tape supply spool is located
at

th~

rear.

In addition to its data recording capabilities,

the Flexowriter is also capable of repetitively reproducing
typed documents from punched tape input.
5.

Sanborn Amelifier Model 860-4300
The Sanborn Model 860-4300 Data Amplifier is a narrow

band differential DC amplifier for signals in the DC to 100
Hz range.

The amplifier has a floating and guarded input and

a floating output isolated from the input to minimize the
--

problem of ground loops.

The output of the amplifier has a

maximum noise level of three microvolts peak to peak referred
to the input and provides standard fixed gain positions of
1000, 500, 200, 100, 50, 20, and 10.

The amplifier has an

output impedance of 75 ohms and the particular Model 860-4300
used in this data acquisition system was modified at the factory to provide an input impedance of one megohm.
6.

Sanborn Amplifier Hodel 8875A
The Sanborn Model 8875A Amplifier is a differential

wideband amplifier with a useful bandwidth of from DC to
75 kHz.

The 8875A offers gains of from 1 to 1000 in seven

fixed steps with vernier control for variable settings between fixed steps.

The particular Model 8875A used in this

data acquisition system

wa~

supplied with dual outputs

(option
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b) , a short on one output having negligible affect on the
other output.
7.

Delta Design MK2300 Temperature Control Chamber
The Delta Design MK2300 Temperature C9ntrol Chamber is

capable of maintaining any temperature from -100°F (-73.3°C)
to +600°F (+315.6°C) to within a variation of 3°F or less.
With the use of the aluminum heat sink (see Section II-E) it
is possible to obtain a variation of O.l°C or less at the test
device.

The MK2300 uses liquid carbond dioxide as a coolant

and resistance heating elements as a heat source.
8.

Harrison Labs 865C Power Supply
The Harrison Labs 865C Power Supply is a well regulated

general-purpose power supply with an output range of 0 to
40 V DC and 0 to 0.6 A DC.

The 865C is also furnished with

variable current and/or voltage limiting, remote sensing and
the capability for being resistance programmed.
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APPENDIX B, SCR COUNTERS
Two SCR counters (PC-11 and PC-12) are included in the
Control Center circuitry.

The coils which activate the mer-

cury wetted switches in the Sampling Resistance are controlled
by the SCR counter on PC-11.

The SCR counter of PC-12 con-

trols (1) the Sampling Resistance indicator lights on the
front panel of the Control Center and (2) a set of nine printed
circuit relays on PC-6 which provides Sampling Resistance
identification to the data recording portion of the system.
The counting function is achieved in both of the SCR
counters by propagating the conduction (on) state along a
string of SCR counting stages.

The method of propagation is

a short duration positive voltage pulse applied to the "advance"
line (see PC-11 and PC-12 circuit diagrams, Appendix E) of
each counter.
The SCR counter of PC-12 utilizes anode coupling to turn
off the previous SCR stage as the next stage conducts.

The

first three stages of the anode coupled SCR counter of PC-12
are shown in Figure B-1.

In the reset state, SCR 1 is con-

ducting and has the normal anode-to-cahtode voltage drop
(about 0.8 volts).

Since SCR 2 and SCR 3 are not conducting

their anode-to-cathode potentials remain at 15 volts.
capacitor

c1

The

is thus charged to 14.2 _volts.

Because of the low conducting potential across SCR 1
diode 0

1

,

the

will be forward biased through R 4 for any pulse from

the "advance" line greater than 0.8 volts.

The diodes for all

other stages of the counter will require pulses greater than
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~
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15 volts to become forward biased, therefore, any positive
pulse {greater than 0.8 volts and less than 15 volts) from
the "advance" line will be steered to the gate of SCR 2

c3 •

through

This pulse will cause SCR 2 to go into conduction

thus placing

c 1 directly across SCR 1 .

The capacitor

c1

then discharges through SCR 2 in its conducting direction
and through SCR 1 in its reverse direction causing SCR 1 to
revert to its non-conducting state.
Thus the conduction state is advanced from SCR 1 to
SCR 2

•

The above analysis now applies to SCR 2 rather than

SCR 1

•

Each succeeding "advance" pulse will turn off

conducting SCR and turn on the following SCR.
tors R 6

,

R7

,

th~

The resis-

and Ra determine the sensitivity of each

counting stage.
The counter is reset by first opening and then closing
the contact JMl (a mercury wetted contact relay) as shown
in Figure B-1.

The contact opening turns off any stages

of the counter which were conducting by breaking the path
of current flow.

The capacitor C 5

,

which was charged to 15

volts, then discharges through R 9 and R 10 .

As the JMl con-

tact closes, a positive 15 volt pulse appears at the gate
of SCR 1 as

c 5 charges through R1o causing SCR 1 to conduct.

The SCR counter of PC-11 differs from the above counter
in that the anode coupling capacitors,
been omitted.

c1

,

C2

,

etc., have

Thus the SCR counter of PC-11 provides no

way to turn -off the preceeding stage.

As a result, each

"advance" pulse to PC-11 turns on the next SCR stage but
the previous stage remains on.

As the SCR Counter of PC-11
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advances, the diode biased by each conducting stage (0 1
biased from the anode of SCR, etc.) will be in such a condition
(0.8 volts at the cathode of the

diod~)

that a pulse greater

than 0.8 volts, in addition to being steered into the gate
of the next non-conducting stage, will also be steered to
the gate of all conducting SCR's except SCR 1

•

Therefore,

as the SCR counter of PC-11 is advanced, the input

imped~nce

as seen by the "advance" line decreases with each succeeding
"advance" pulse.
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APPENDIX C, PROGRAMMING THE
JOHN FLUKE 383B VOLTAGE/CURRENT CALIBRATOR
Six digits of voltage and current level information
plus the mode information must be supplied to the John
Fluke 383B in the form of 26 binary digits (bits) .

Twenty-

three bits are required for the six digits of voltage and
current level information and three bits are required for
the mode information.

The most significant digit is

supplied in 1-2-2 code and the other five digits are supplied
in 1-2-4-4 code.
be 0 VDC.

A "1" must be 28

(±4) VDC and a "0" must

Input current per bit is 100 milliamperes nominal

for mode information and 16 milliamperes nominal for voltage
and current level information.
This coding information may be supplied by the Programmer to the John Fluke 383B by two methods:

(1)

mable Switch or (2) a set of seven thurnbswitches

the Program(six for

the digits and one for mode) mounted on the front panel of
the Programmer.

Mounted on the Programmer chassis are two

sockets, one marked "ACTIVE" and t;.he other marked "DUMMY."
To program the John Fluke 383B via the Programmable Switch,
the cable from the Programmable Switch must be connected
to the socket marked "ACTIVE."

To program by means of the

thumbswitches, the cable from the thurnbswitches must be
connected to the "ACTIVE" socket.

By the use of the thumbswitches it is possible to
manually program the John Fluke 383B while the rest of the
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system is being operated manually (i.e., AR, VM, RE, etc.).
This usage of the thuwbswitches is helpful in system checkout and special test procedures.
On the front panel of the Programmer are two indicator
lights which indicate whether the John Fluke 383B is being
programmed by the Programmable Switch or by the thumbswitches.
A green light indicates that the Programmable Switch is
"ACTIVE" and a red light indicates that the thumbswitches
are "ACTIVE.

11

Also on the front panel of the Programmer are

listed the voltage and current modes programmed by the five
positions of the mode thumbswitch.
The Progranunable Switch performs three separate functions;
(1) it programs the John Fluke 383B,

(2) it .provides infor-

mation from switches PS-M, PS-N, PS-J, and PS-K for Programmable Switch control and (3) it provides two sets of seven
segment coding information to the two-digit electroluminescent
readout device on the front panel of the Programmer which
indicates, 00 to 59, the position of the Programmable Switch
drum.
The coding sheet for the Programmable Switch is shown in
Figure C-1.

A dot placed in a given square on the coding sheet

represents an actuator placed in that drum position and in
line with that particular switch (see Section II-G and Figure
6) •

The seven segment readout device is
C-2.

depi~ted

in Figure

In order to illuminate a particular segment of the

readout device, an actuator must provide a switch closure at
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G

FIGURE C-2. READOUT SEGMENT
CONFIGURATION

FUNCTION

"

S\VITCH

30 29

28

VOLTAGE (0-50v)
CURRENT (0-5ma)

CURRENT(0-50ma)

0
G

C U R R E N T ( 0 - 50 0 m a)
CURRENT (0-2a)
(Dot · Indicates placement of

TABLE

e

0
9

()

0

0

actuator)

I. PROGRAMMABLE SWITCH
C·ODING FOR FUNCTION
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the Programmable Switch to furnish power to that segment.
The 250 volt 400 Hz power supply for the electroluminescent
readout device is shown in Figure E-4.

The programming for

the readout device is shown at the left hand side of the
coding sheet (Figure C-1) .
The necessary Programmable Switch coding information
for programming the mode of the John Fluke 383B using switches
28, 29, and 30 on the Programmable Switch is indicated in
Table 1.
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APPENDIX D, MANUAL OF OPERATION
1.

Introduction
The purpose of this appendix is to provide instructions

pertaining to the operation of this data acquisition system.
It is the author's recommendation that this appendix be revised periodically (i.e., every six months) to include the
necessary additions and corrections.
IMPORTANT:

Become thoroughly .familiar with the OPERA-

TING MANUALS for the various pieces of equipment.

Should

questions arise concerning the operation of equipment, do
not hesitate to consult the OPERATING MANUALS rather than
trying to handle the situation by intuition.
2.

Calibration
To achieve - and maintain maximum accuracy from the system,

calibrate the following instrument~ peri~dically according to
the directions given in their respective Operating Manuals.
a.

Dymec 2401C Integrating Digital Voltmeter; Calibrate

this instrument each time it is turned on.

Follow the

Preoperational Check and Calibration procedure described
on page 2-3 of Dymec 2401C Operating Manual.

NOTE:

A

1 1/2 hour warm-up period is required before this procedure. can be performed.
b.

John Fluke 383B Voltage/Current Calibrator; Calibrate

every 30 days according to the calibration procedures
described on pages k through n of
Instruction Manual.

~he

John Fluke 383B
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c.

Sanborn 860-4300 Amplifier; Calibrate the instrument

every week according to the calibration procedure described on page 7 of the Sanborn 860-4300 Instruction Manual.
d.

Sanborn 8875A Amplifier; Calibrate weekly according

to the procedures described in paragraphs 5-l through
5-9 of the Sanborn 8875A Operating Manual.
e.

See Section 9 of this Appendix for instructions for

adjusting the single shots and multivibrators in the
Control Center.
3.

Preliminary Checkout
a.

Check that all connectors in the system are properly

mated (Jl connected to Pl, J2 connected to P2, etc).
b.

Check that the Programmable Switch is programmed as

required and that its cable is plugged into the ACTIVE
socket at the Programmer.
c.

Set the Sanborn 860-4300 Amplifier for a gain of 100.

d.

Set the Sanborn 8875A Amplifier for a gain of 10.

e.

Set the controls at both digital voltmeters as

follows:
AUTO RANGE
1 SEC.
STOP (maximum CCW)
ANY POSITION EXCEPT
INT-lV, INT+lV or ZERO

FUNCTION:
SAMPLE PERIOD:
SAMPLING R..Z\.'TE:
RANGE:
f.

Disconnect anything which is connected to the measure-

ment terminals on the front panel of either digital voltmeter.
g.

Check that tha

Lco 2

hose is connected to the Tempera-

ture Control Chamber and the Lco 2 bottles.
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h.

Check that no loads are connected to the front out-

put terminals of any power supply being used in the
system.
i.

Check that the power output leads from the rear of

the Harrison Labs 6255A Dual Power Supply are plugged
into the proper set of binding posts at the rear of the
Control Center chassis.

The power supply on the left

should be plugged into 12 volt set and the power supply on the right should be plugged into the 15 volt set.
j.

Set the Mode switch at the Delta Design Temperature

Control Chamber to the Manual position.
4.

Turn-On Procedure
a.

Turn on the LC0

2

main valve and the valve at each

individual tank.
b.

Place the Control Center in the HOLD mode.

c.

Turn on the Master Power Switch at the upper right

hand corner of the rack.
d.

Check that

th~

following pieces of equipment are on:

Dyrnec 2401C Integrating Voltmeters (two)
Sanborn 860-4300 and 8875A Amplifiers
Dymec 254GB Coupler
Friden SFD Flexowriter
Delta Design Temperature Control Chamber
John Fluke 383B V/I Calibrator
Harrison Labs 6255A Dual DC Power Supply
Harrison Labs 6267A Power Supply
Harrison Labs 865C Power Supply (if required)
e.

Check that the Harrison Labs 6267A (supplies power

to the Programmer)
CAUTION:

is set for 28 volts output.

If this voltage exceeds 28 volts, it will re-

sult in damage to the electroluminescent readout panel
at the Programmer.
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f.

At the Harrison Labs 6255A Dual Power Supply (supplies

power to the Control Center) , set the supply on the left
for 12 volts and set the supply on the right for 15 volts.
CAUTION:

Do not depend on the

of the 6255A.

meter~

on the front panel

Also, try to faithfully maintain the 12

volt and 15 volt levels.

If these levels are varied, the

sensitivity of the various logic elements (the flip flop
and the single shots) comprising the Control Center will
be affected.
~·

Set the Start Switch at the coupler to the Automatic

position.
h.

Set the Punch Switch at the Flexowriter to the All

Punch position.
i.

Provide the Flexowriter with an adequate amount of

paper tape in the supply spool and typing paper in the
carriage.

j.

Place the Control Center in the OPERATE mode and

initiate START to determine if the Control Center is
functioning properly.
k.

Place the Control Center in the HOLD mode.

1.

Initiate RESET.

m.

Press the PS HOMING button at the Control Center to

home the Programmable Switch to its ZERO position.
5.

Set-Up Procedure
a.

Calibrate the two digital voltmeters

(after 1 1/2

hour warm-up period) according to the Preoperational
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Check and Calibration procedure described in section 2.2
of the Operating Manual for the instrument .
. b.

Adjust the cu~rent iimit of the John Fluke 383B to

the desired level.

The current limit adjustment procedure

is described in paragraph 2-14 of the Instruction Manual
for the 383B.
c.

Turn on the Heat and Cool switches at the Temperature

Control Chamber.
d.

Set the Temperature Set Dial to the required tempera-

ture.
e.

Allow the temperature of the Temperature Control

Chamber to stabilize for at least 1/2 hour with the heat
sink inside.
f.

Remove the door of the Temperature Control Chamber and

insert the test devices into the desired test sockets.
Figure E-1 illustrates the test socket geometry.

Normally,

the base of the test device will be inserted in the B
1
recepticle.
If the inverse characteristics of the device
are being measured, rotate the device 180° from its normal inserting position and plug the emitter lead into the
collector recepticle, the base lead into the B2 recepticle
and the collector lead into the emitter recepticle.
. g.

Set the Base Selector Switch to:

(1) position B
1

when testing the forward characteristics of single base
devices,

(2) position B

for the inverse characteristics
2
of single base devices and (3) SHORT for tetrode devices.
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h.

Set the PNP-NPN Switch at the Current Sampler to the

desired position.
i.

Place the heat sink on the test devices and replace

the door of the Temperature Control Chamber.
j.

Allow the temperature of the test devices to stabil-

ize for at least 30 minutes before initiating the Operating Procedure.
6.

Operating Procedure
a.

Set the Harrison Labs 865C to the required value of

collector supply voltage (if Vee· is being applied).
b.

Place the Control Center in the OPERATE mode.

c.

Initiate START at the Control Center to perform the

normal data acquisition test run.
d.

After each test run is completed, turn the Socket

Selector Switch to the next test device position (change
the positions of the Base Selector Switch and ·the PNP-NPN
Switch also, if required) and again initiate START.
Repeat this procedure until all of the devices in the
Temperature Control Chamber have been tested.
e.
7.

Place the Control Center in the HOLD mode.

Turn-Off Procedure
a.

Turn off the LC0

first at the individual tanks and
2
then at the main valve.

b. _ After allowing sufficient time for the

co 2

to bleed

out into the Temperature Control Chamber, turn off the
Heat and Cool switches.
c.

Turn off the Master Power Switch.
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8.

Comments on Manual Pushbutton Operation
While the system is in either the OPERATE or CYCLE modes

of operation, certain of the momentary switches will initiate
the normal automatic cyclic operation of the system (assuming
the system is not already in operation).

For example, the

momentary switches AUTORANGE, PROGRAMMABLE SWITCH, RESET,
SAMPLING RESISTANCE (in addition to START) will trigger the
cyclic operation of the system while the system is in the OPERATE mode.

RESET will, however, trigger the system only if

the Sampling Resistance was initially in the collector lead of
the test device.
AS A GENERAL RULE, do not initiate any of the momentary
pushbutton switches (except START) while the system is in either
OPERATE or CYCLE.
While using the system i t is recommended that the Operator
keep a copy of Figure 7 handy at all times.

A thorough under-

standing of Figure 7 should answer any questions which the
operator might have regarding the operation of the manual pushbutton switches and the Control Center in general.
9.

Adjustments
All of the potentiometers in the Control Center circuitry

are mounted in such a manner that turning the potentiometer
adjusting screw clockwise will decrease the resistance as seen
by the circuit.
Figure D-1 shows the circuitry for a typical single shot
in the Control Center.

A detailed analysis of the single shot

circuitry reveals that its time period is equal to 0.7R1 c 1

(see
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Millman and Taub, reference 7, for a complete analysis of the
operation of a

singl~

shot)-

The~efore,

the time period of

a single shot can be changed by adjusting R •
1
The voltage at the base of the normally conducting transistor 0 1 is determined by the voltage divider formed by R1 and
R2 • The voltage at the base of o1 determines how far o1 is
driven into saturation which, in turn, directly affects how
difficult

o1

is to turn off by means of a positive going volt-

age at the trigger input.

Therefore R1 can be used to adjust
the time period of a single shot with the limitation that if
R

1

is too small

o1

will be driven too far into saturation and

the single shot will not trigger.
The sensitivity of a single shot can also be adjusted by
the potentiometer R

which, via the voltage divider formed by
3
R , R and R , determines how far the normally-off transistor
3
4
5
o2 is driven into cutoff. A single shot can be desensitized
by decreasing (turning the adjusting screw clockwise) the value
of R thus driving Q2 further into cutoff.
3
The time period of each side of a multivibrator (see MVl
and

WJ2

on PC-1 and PC-9 respectively) may be adjusted by the

same procedure as described abbve for a single shot.

By turn-

ing the potentiometer adjusting screw clockwise (decreasing
resistance) the time period of that side of the multivibrator
·is decreased.

65

Appendix D
Circuit Diagrams
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Preface to Printed Circuit Diagrams
PC-1 thru PC-12
Unless otherwise specified:

1.

2.

3.
4.
5.

All capacitance is in picofarads . . All capacitors
are rated at 25 WVDC or better. A polarized
capacitor is indicated by polarity markings.
All resistors are 1/2 watt, 10% or better.
All transistors are -2N404.
All diodes are 1N457A.
All silicon controlled rectifiers are C6F.
Table II. Abbreviations Used

ss
FF
MV

LD
EF
INV
DR
OR
AN
K
I

PS
PC
NC
NO

Single Shot
Flip Flop
Multi vibrator
Level Detector
Emitter Follower
Inverter
Driver
OR Gate
AND Gate
Relay
Indicator Light
Programmable Switch
Printed Circuit
Normally Closed
Normally Open

Table III.

Termination Chart for Printed
Circuit Card PC-1
-...J
N

Pin
1
2
3
4
5
6
7

Connection

-12 Volts
from 10-12, thru OP(NO)
from 9-11
to PS-N
from PS-N
thru ST(NO) and CY(NO) to common
common (on card) to Pin 6

8

9
10
11
12
13
14
15

to 2-12
to 2-5
from 7-11
Common
+15 Volts

EF

SSI

1.5K

6J

I

•

IK

150

MVI

ANI

IK

-12vdc
'39K

1

I

a

1'1 :t

I

ORI

9

20
+

~'----.A

(

2.5
uf.

uf.

1.5
K

3K

12~----------------------------

FIGURE E-6.

PRINTED CIRCUIT

CARD

PC-I
-..J

w

Table IV. Termination Chart for Printed
Circuit Card PC-2
-.J
~

Pin
1
2
3
4
5

6

7
8

9
10
11

Connection

-12 Volts
to 3-10, thru OP(NO)
to 3-11, thru CY(NO)
Common (on card) to pins 2, 3, 5, and 6
from 1-11
Common (on card) to pins 2, 3 1 4, and 5
from Amplifier (thru PNP-NPN switch)
spare
from Amplifier (thru PNP-NPN switch), common (on card) to pins 10 & 14
Common {on card) to pins 9 & 14

12 from 1-9

13 to 4-8
14 Common
15 +15 Volts

LD

EF

INV

IK

150

AN2 -12vdc

552

EF

IK

IK

200K

150

a

IK

6.2K

:120

;yut.

6.2K~

56
50K

3K

9)

6

62K

•

I

3K

•

I

•

6.2K

510

6 I

6

I

I

•

<)..I

I

·- ~

---~
FIGURE E-7.

PRINTED G'RCUIT

CARD

PC-2
-..J
U1

Table

v.

Termination Chart for Printed
Circuit Card PC-3

Pin

Connection

1 -12 Volts
2

3 to 8-4
4 Common (on card) to pin 3
5
6 spare
7
8 to 4-7
9

10
11
12
13
14
15

from 2-2, thru OP{NO)
from 2-3, thru CY(NO)

Common
+15 Volts

~

SS3
,

•

EF

•

•

•

E F -12vdc

SS4
•

•

•

'

'
IK

IK

150

•

(I

150

-. 20
uf.
+

510

SOK
ISOK

50K
G.2K

510

3K

6.2K

Common

FIGURE E-8. PRINTED CIRCUIT CARD PC-3
......
......

Table VI.

Termination Chart for Printed
Circuit Card PC-4
.......
ro

Pin

Connection

1 -12 volts
2 to Common, thru VM(NO)
3
4
5
6
7
8
9
10
11
12
13
14
15

Contact Closure } to
Encode Command
DVM!
Contact Closure } to
Encode Command
DVM2
from 3-8
from 2-13
to common terminal of OS
from NO terminal of OS
t-0 12-15
to 11-15
Common
+15 Volts

EF
~2K

150 1.5K~

2

EF

555

~2K

II
I
1.5K

-12 vdc

· DR

l__Y

I I

II

SOK

T
510=

~ tj;~.t\

I

f
~6.2K

I

~--~---J

''"

3

K~

l I

EF

..,....---,

.o1

uf.

liiOKt

Common • •

_

1.01u f.

'j] ,I

·~

3 3

EF

v

iJ.~j

I

~20

I

+

-r- u f.

+ 15 vdc

'--

OS

--,
I
I
I

I

6

:

+15VDC 1
I

NOTE: Relay Kif

FIGURE

E -9.

Ia

DUNCO REED RELAY, MMR2AM, 12vdc coli, 288 ohtna.

PRINTED CIRCUIT

CARD

PC- 4

-.J
1..0

Table VII. Termination Chart for Printed
Circuit Card PC-5
(X)

0

Pin

Connection

1 -12 Volts
2

3
4
5
6
7
8
9
10
11
12
13
14
15

to Common, thru RE(NO)
to 10-6, thru OP(NO)
to Common, thru- RS(NO)
from 8-6
to 9-9, thru OP(NO) or CY(NO)
to IlO
to KlO
to I9AB
to K9A and K9B
Common
+15 Volts

,.-----1
-12
vde

I

DR

EF

"oil

1.5K

51

•

IK

100

DR

EF

FFI

100 It<

..

I

i

-12vdc

150

,..

I
I

Oc

I

1

•
1.5

2.5uf.

1

.luf.

K

~SEE~

l4lNOTES
I

3K

3K

I

I

182

I

-12
vdc

._

_____ _

I

Common

NOTES:

r.

Indicator IG"'P' I9AB 8

2. Coila of

K9A, K98 and

IIO are T-1 tampa No. 75, 26

MG.

at II volta.

KtO are from GUARDIAN ELECTRIC IAI-INT-IISAC

aolanold.

co

FIGURE

E-10.

PRINTED

CIRCUIT

CARD

P C-5

~

00
N

Table VIII. 'I'ermination Chart for Printed
Circuit Card PC-6

Pin

Connection

Pin

A -12

1

B

2

c

3
4

D
E Resistor I.D. line 1 {to J7, pin 1)

F Resistor
H Resistor
J Resistor
K Resistor
L Resistor
M Resistor
N Resistor
P Resistor
R

s

I.D.
I.D.
I.D.
I.D.
I.D.
I.D.
I.D.
I.D.

line
line
line
line
line
line
line
line

2
3
4
5
6
7
8
9

(to
(to
(to
(to
(to
(to
(to
(to

J7,
J7,
J7,
J7,
J7,
J7,
J7,
J7,

pin
pin
pin
pin
pin
pin
pin
pin

2)
3)
4)
5)
6)
7)
8)
9)

5
6
7
8
9
10
11
12
13
14
15

Connection

from
from
from
from
from
from
from
from
from

12-10
12-9
12-8
12-7
12-6
12-5
12-4
12-3
12-2

+15 Volts

13

@=-12v~ '-'

10'

II

12

LJ LJ
I

I

L

5

4

3

I

9

p

6

7

8

N

M

L

7

8

9

I .

K

6

5

F

E

I
I

J

2

H

NOTES:
I. All relays art

2.AII diodes are

DUNCO REED RELAYS, Typt ,_,MR-IA, 12VDC Coli, 1152 ohma.
IN4004,

FIGURE E-11.

PRINTED CIRCUIT

CARD

PC-6
co
w

00
~

Table IX. Termination Chart for Printed
Circuit Card PC-7

Pin

Connection

1 -12 Volts
2

3 Common (on card) to pin 3
4 to 8-7
5
6 to Common, thru AR(NO)
7

8 Spare
9

10
11
12
13
14
15

Common (on card) to pin 11
to 1-12

Common
+15 Volts

I

'

•

s;s

•
IK

1.5K

6) a

6

E[

•

•

S~7

E,F -12v~c(l

•
IK

150

150

20
uf.

a

T

•
2.5
uf.

•• Cll

1.5K
3K

50K

6.2K

3K

Common

FIGURE E-12.

PRINTED CIRCUIT CARD

PC-7

00
U1

Table X. Termination Chart for Printed
Circuit Card PC-8
00
~

Pin

Connection

1 -12 Volts
2

3 Common (on card) to pin 4
4 from 3-3
5

6 to 5-7
7 from 7-4
8

9

10 to Kl2, pin 8
11

12 to common, thru RE(NO)
13
14 Common
15 +15 volts

~-------·

sse
2K
1.5K

I

~IOOK__j>U'K

I

12
510

I

2.5

uf.T 1.5K

I

EF

Jr

50K

510

I : s;z~·~

ll50

'' § ~
I

I

I

-.

I

~ Kl2

~---J~
NOTE)

I

+

1

I
I

I

Common

.. ________ _

~------------~6

NOTE: Relay t<l2 Ia POTTER 8 BRUMFIELD

typt

JUI-109-12,

130 oh111

coli

(X)

FIGURE

E-13.

PRINTED CIRCUIT

CARD

PC-8

'-1

00

Table XI. Termination Chart for Printed
Circuit Card PC-9

Pin

Connection

1 -12 Volts

2
3 to PS-K
4 from PS-K
5
6 to 10-3
7

8 Common (on card) · to Pin 9

9
10
11
12
13
14
15

from 5-8, thru OP(NO) or
to 1-3

Common
+15 Volts

CY(~O)

CXl

SS9

EF

T
IK

!150

I

9)( I
50K

•

.altJ 1
I

~150K

~6.2K

I

t

~3K

,

MV2

T

l 2 '~~'· 1

(
.I

E F-12vdc

T

T

"l2.5,~f.

l

T

~-::-~-~

_I
20

~

I~

~

I

T

3K J

Common

+15vdc

FIGURE E.-14.

PRINTED CIRCUIT CARD

PC-9
(X)
U)

Table XII. Termination Chart for Printed
Circuit Card PC-10

Pin

Connection

1 -12 Volts
2
3 from 9-6
4
5
6 from 5-4, thru OP(NO)
7

8
9
10
11
12
13
14
15

to Comm<i>n, thru PS{NO)
to Common, thru ST(NO) and OP(NO)
to Kl3, pin 7
to 1-2, thru OP(NO)
Common
+15 Volts

,----~------~

EF

SSIO

IK

EF

150

-12 vdc

150

1.5K ·

3.3K

~

2.5- ~1.5K
uf.--

150K

6.2K

50K .Oiuf.

3K

Common
+15 vdc
--------------------~12.._

___________ _

NOTES:
I. Varistor
2. Relay

Ia
Ia

CARBORUNDUM

POTTER 8

type

613BNR-1'1.

BRUMFIELD

type

KAPIID'f,

12 vdc

eol!, 120 oh"''·

\0

FIGURE

E -15.

PRINTED CIRCUIT

CARD

PC-10

......

Table XIII. Termination Chart for Printed
Circuit Card PC~ll

Pin

Connection

1 +15 Volts
2
3
4
5
6
7
8
9
10
11
12
13
14
15

to Kl
to K2
to K3
to K4
to K5
to K6
to K7
to K8
Spare
Spare
Spare
from Kl2, pin 4
Conunon
from 4-12

\0
N

I

+15 vdc

I

I

I

: (NOTE 3)

·- ------.,

I

L----

+15 vdc

I
I

I
I
I

· 3.3K

I

+

...._20

!T
I

I

Kl2

~-- ---~

NOTES:
I. Capacitance

Is

In Microfarad•.

2. All varltton ore

S. Col!a of
4. Relay

KI thru

Kl2 It

CARBORUNDUM

K8 are from

GUARDIAN

POTTER 6 BRUMF'IELD

FIGURE E-16.

type 4328NR-63.
type

ELECTRIC

!A l-INT -II 'lAC tohtftOid.

JMI-109-12, 130 ohm coli.

PRINTED CIRCUIT

CARD PC-II

\0
IN

+15 vdc

3.3K

Kl2

______ _,

Common
11
uAdvance line

NOTES:
1. Capacitance 11 In tnlcrofarade unl111 otherwiee

epeeified~

lamps I I throuth 19 ore T-1 lamp• No. 7!5, 26 mo. at 18 voltt.
Kl2 !1 POTTER a BRUMFIELD type JMI-109-12, 130 ohm coli.

2. Indicator
3. Relay

FIGURE E-17.

PRINTED CIRCUIT CARD

PC-12
\0
lJ1

Table XIV. Termination Chart for Printed
Circuit Card PC-12

g)
C)

co
C":)
~

~

Pin
1
2
3
4
5
6
7
8
9
10
11
12

+15 Volts
to 6-13 and Il
to 6-12 and I2
to 6-11 and I3
to 6-10 and I4
to 6-9 and IS
to 6-8
to 6-7
to 6-6
to 6-5
Spare
Spare

and
and
and
and

!6
17
!8
!9

13 from K12, pin 3
14 Common
15 · from 4-11

\.0
~

